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Fig.8A
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OUTPUT FILTER AND POWER
CONVERSION APPARATUS HAVING THE
SAME

CROSS-REFERENCE TO RELAT
APPLICATIONS

s
w

The present application claims priority to Japanese Patent

Application No. PCT/JP2010/050195, filed Jan. 12, 2010,
which claims priority to Japanese Patent Application No.

2009-004250, filed Jan. 13, 2009. The contents of these appli-
cations are mcorporated herein by reference 1n their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an output filter and a power
conversion apparatus having the same.

2. Discussion of the Background

The conventional technique disclosed in Japanese Unex-
amined Patent Application Publication No. 1999-1965635, for
example, relates to suppression of a high frequency leakage
current and a common mode voltage 1n a power conversion
apparatus, such as an 1verter, using a high speed switching
device such as an IGBT or a power MOSFET, and utilizing a
neutral point detecting potential transformer as a detection
means for detecting a neutral point on an output side of the
inverter.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, a power
conversion apparatus 1s provided with: a power converter
configured to receive an alternating-current power supply and
to supply electric power to drive a motor; and an output filter
including: common mode choke coils each connected
between an output of the power converter and the motor; and
a neutral point detector configured by a magnetic core 1n a
triangular pyramid shape, and connected between a down-
stream side of the common mode choke coils and a neutral
point.

According to another aspect of the present invention, a
power conversion apparatus 1s provided with: a power con-
verter configured to recerve an alternating-current power sup-
ply and to supply electric power to drive a motor; and an
output filter including: common mode choke coils each con-
nected between an output of the power converter and the
motor; and a neutral point detector including coils of an
U-phase, a V-phase, and a W-phase, and connected between a
downstream side of the common mode choke coils and a
neutral point, inductances of the coils of the respective phases
being equal.

According to another aspect of the present imnvention, an
output filter 1s provided with: common mode choke coils each
connected between a motor and an output of a power con-
verter that receives an alternating-current power supply and
supplies electric power to drive the motor; and a neutral point
detector 1ncluding coils of an U-phase, a V-phase, and a
W-phase, and connected between a downstream side of the
common mode choke coils and a neutral point, inductances of
the coils of the respective phases being equal.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many of
the attendant advantages thereof will be readily obtained as
the same becomes better understood by reference to the fol-
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2

lowing detailed description when considered 1n connection
with the accompanying drawings, wherein:

FIG. 1 1s a block diagram showing a configuration of a
power conversion apparatus having an output filter config-
ured by a neutral point detector according to an embodiment
of the present invention;

FIG. 2 1s a schematic configuration view of the neutral
point detector;

FIG. 3A 15 a view showing a magnetic flux path that occurs
due to a current flowing through an U-phase coil of the neutral
point detector;

FIG. 3B 1s a view showing a magnetic flux path that occurs
due to a current tlowing through a V-phase coil of the neutral
point detector;

FIG. 3C 1s a view showing a magnetic flux path that occurs
due to a current tlowing through a W-phase coil of the neutral
point detector;

FIG. 4 15 a chart showing a result of calculation of a gain of
an output filter of a power converter 1n a common mode;

FIG. SA shows wavelorm charts of a common mode volt-
age and a common mode current of a power conversion appa-

ratus having no output filter;

FIG. 5B shows enlarged charts of FIG. 5A;

FIG. 6 A shows wavelorm charts of a common mode volt-
age and a common mode current of the power conversion
apparatus having the output filter configured by the neutral
point detector according to the embodiment of the present
imnvention;

FIG. 6B shows enlarged charts of FIG. 6A;

FIG. 7A 1s a chart showing a result of a frequency analysis
of a common mode voltage Vc2 1n a case where an output
filter 1s not provided;

FIG. 7B 1s a chart showing a result of a frequency analysis
of the common mode voltage Vc¢2 1n a case where the output
filter according to the embodiment of the present invention 1s
provided;

FIG. 8A 1s a chart showing a result of a frequency analysis
ol a common mode current Ic 1n the case where an output filter
1s not provided; and

FIG. 8B 1s a chart showing a result of a frequency analysis
of the common mode current Ic 1n the case where the output
filter according to the embodiment of the present invention 1s
provided.

DESCRIPTION OF THE EMBODIMENTS

Embodiments will now be described with reference to the
accompanying drawings, wherein like reference numerals
designate corresponding or identical elements throughout the
various drawings.

The following describes an embodiment according to the
present invention with reference to the drawings.

FIG. 1 1s a block diagram showing a configuration of a
power conversion apparatus having an output filter config-
ured by a neutral point detector according to the embodiment
of the present invention. Referring to this figure, a power
converter 101 receives an alternating-current power supply
100, and supplies electric power to drive an electric motor 105
based on an instruction from an upper device that 1s not
depicted. The power converter 101 includes iput terminals r,
s, and t, output terminals u, v, and w, and a neutral point
terminal n.

An output filter 104 1s 1nserted between an output of the
power converter 101 and the electric motor 1035, and mainly
provided with common mode choke coils 102, a neutral point
detector 103, a bypass capacitor C2, and a resistance Ri. The
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output filter 104 includes mput terminals ul, vl, and wl,
output terminals u3, v3, and w3, and a neutral point terminal
nl.

FIG. 2 1s a schematic configuration view of the neutral
point detector. Referring to this figure, the neutral point detec-
tor constitutes a magnetic core 1n a triangular pyramid shape,
and coils of an U-phase, a V-phase, and a W-phase are wound
by an 1dentical number of times and in an 1dentical direction,
for example, as shown 1n the figure. The neutral point detector
includes terminals u2, v2, w2, and n2.

The output filter 104 in F1G. 1 1s provided with the common
mode choke coils 102 respectively connected in series
between outputs of the power converter 101 of the U-phase,
the V-phase, and the W-phase and 1nputs of the electric motor
105 of the U-phase, the V-phase, and the W-phase, capacitors
C1 of the respective phases connected i parallel 1n the
U-phase, the V-phase, and the W-phase, the neutral point
detector 103 1n which one end of the coil of each phase 1s
connected to the capacitor C1 ofthe corresponding phase, and
the other ends of the coils of the respective phases are con-
nected 1n a star connection to provide a neutral point n2, and
the capacitor C2 and the resistance Ri that are connected in
series to the neutral point n2.

One end of the resistance Ri 1s connected to the capacitor
C2, and the other end of the resistance Rf 1s connected to the
neutral point terminal nl. Further, the neutral point terminal
nl of the output filter 104 1s connected to the neutral point
terminal n of the power converter 101. In this case, resistances
that are respectively connected in parallel in the U-phase,
V-phase, and the W-phase 1n the power converter 101 1n FIG.
1, and resistances that are respectively connected in parallel in
the U-phase, V-phase, and the W-phase 1n the electric motor
103 are provided to measure common mode voltages V¢l and
V2, respectively.

The common mode voltages Vcl and Vc2 are applied
respectively between GND and the U-phase, V-phase, and
W-phase. Further, a common mode current Ic 1s a current that
flows into GND via the electric motor 105. Moreover, a filter
current If'1s a current that flows into the neutral point terminal
n of the power converter 101 via the neutral point terminal nl
of the output filter 104.

FIG. 3 A 15 a view showing a magnetic flux path that occurs
due to a current flowing through the U-phase coil of the
neutral point detector. FIG. 3B i1s a view showing a magnetic
flux path that occurs due to a current flowing through the
V-phase coil of the neutral point detector. FIG. 3C 15 a view
showing a magnetic flux path that occurs due to a current
flowing through the W-phase coil of the neutral point detector.

Referring to the figures, 1 the neutral point detector that
constitutes the magnetic core 1n a triangular pyramid shape,
lengths of the magnetic flux paths of the three phases are the
same, and therefore magnetic fluxes are balanced in the all
phases. Consequently, there 1s no inductance 1n the coils in the
common mode.

FIG. 4 1s a chart showing a result of calculation of a gain of
an output {ilter of the power converter 1n the common mode.
Referring to this figure, gain characteristics of an output filter
configured by a typical neutral point detector, and an output
filter configured by the neutral point detector according to this
embodiment are compared. The vertical axis indicates a ratio
between the common mode voltage Vcl on an input side and
the common mode voltage V¢2 on an output side of the output
filter 104, and the horizontal axis indicates frequencies.

As described above, as the inductances 1n the coils 1n the
common mode are substantially zero in the neutral point
detector according to this embodiment, it can be seen that the
gain characteristics improve 1n a high frequency region. Spe-
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cifically, 1n the high frequency region where the frequency 1s
about 30 kHz or greater, the common mode voltage Vc2 with
respect to the common mode voltage Vcl 1s sufliciently
attenuated.

FIG. SA shows waveform charts of a common mode volt-
age and a common mode current of a power conversion appa-
ratus having no output filter. F1G. 3B shows enlarged charts of
FIG. SA. The vertical axis indicates amplitudes of the voltage
and the current, and the horizontal axis indicates time.

FIG. 6 A shows wavelorm charts of a common mode volt-
age and a common mode current of the power conversion
apparatus having the output filter configured by the neutral
point detector according to this embodiment. FIG. 6B shows
enlarged charts of F1G. 6 A. The vertical axis indicates ampli-
tudes of the voltage and the current, and the horizontal axis
indicates time.

Simulation conditions for each wavelorm chart are: a car-
rier frequency of the power conversion apparatus 1s 10 kHz,
and an operation frequency 1s 30 Hz.

Referring to FIG. 5A and FIG. 5B, when an output filter 1s
not provided, the common mode voltages Vcl and V2 both
show a pulsed voltage wavelorm whose fundamental wave 1s
the carrier frequency, and whose common mode current Ic 1s
a high frequency current.

Referring to FIG. 6A and FIG. 6B, when providing the
output filter according to this embodiment, as the gain char-
acteristics of the output filter shown 1n FIG. 4 1s about -20 dB
at 10 kHz, the common mode voltage Vc2 with respect to a
carrier component (10 kHz) 1s reduced down to about one-
tenth of the common mode voltage Vcl.

Further, as the neutral point detector of this embodiment 1s
configured such that all the inductances 1n the coils of the
respective phases are equal and the common mode inductance
1s substantially zero along with this, the gain characteristics of
the output filter 1n the high frequency region improve, and a
high frequency component in the common mode current Ic
can be completely reduced.

FIG. 7A 1s a chart showing a result of a frequency analysis
of the common mode voltage Vc2 1n a case where an output
filter 1s not provided. FIG. 7B 1s a chart showing a result of a
frequency analysis of the common mode voltage Vc2 ina case
where the output filter according to the embodiment of the
present invention 1s provided. The vertical axis indicates
amplitudes of the common mode voltage Vc2, and the hori-
zontal axis indicates frequencies.

FIG. 8A 1s a chart showing a result of a frequency analysis
of the common mode current Ic in the case where an output
filter 1s not provided. FIG. 8B 1s a chart showing a result of a
frequency analysis of the common mode current Ic 1n the case
where the output filter according to the embodiment of the
present invention 1s provided. The vertical axis indicates
amplitudes of the common mode current Ic, and the horizon-
tal axis indicates frequencies.

The common mode voltage V2 1s a voltage whose funda-
mental wave 1s the carrier frequency (1=10 kHz). Further, the
common mode current Ic 1s a current whose fundamental
wave 1s the carner frequency (1I=10 kHz).

Retferring to FIG. 7A and FIG. 7B, the common mode
voltage V2 1s reduced down to about one-tenth of the carrier
component (10 kHz). In addition, the high frequency compo-
nent (=100 kHz) 1s reduced even more.

Referring to FIG. 8A and FIG. 8B, the common mode
current Ic 1s reduced down to about one-tenth of the carrier
component (10 kHz). In addition, the high frequency compo-
nent (=100 kHz) 1s reduced even more. This 1s realized
because, as the neutral point detector of this embodiment 1s
configured such that all the inductances 1n the coils of the
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respective phases are equal and the common mode inductance
1s substantially zero along with this, the gain characteristics of
the output filter 1n the high frequency region improve.
As described above, according to the power conversion
apparatus having the output filter configured by the neutral
point detector of this embodiment, when all the inductances
in the coils of the respective phases of the neutral point
detector are equal, there 1s no common mode inductance at
all, and therefore the gain characteristics of the output filter in
the high frequency region improve.
Accordingly, 1t 1s possible to reduce the high frequency
component 1n the common mode voltage and common mode
current.
Further, as the common mode choke coils used i1n the
output filter can be downsized, the output filter can also be
downsized. This consequently makes 1t possible to provide
the output filter within the power conversion apparatus, and
thus to utilize such an output filter 1n a power conversion
apparatus having a built-in output filter.
Moreover, as the gain characteristics of the output filter in
the high frequency region improve, 1t 1s possible to facilitate
a measure against noise.
Furthermore, as a downstream coil 1s not necessary, the
neutral point detector can be downsized.
Obviously, numerous modifications and variations of the
present invention are possible in light of the above teachings.
It 1s therefore to be understood that within the scope of the
appended claims, the imvention may be practiced otherwise
than as specifically described herein.
What 1s claimed as new and 1s desired to be secured by
Letters Patent of the United States 1s:
1. A power conversion apparatus comprising:
a power converter configured to recetve an alternating-
current power supply and to supply electric power to
drive a motor; and
an output filter including:
common mode choke coils each connected between an
output of the power converter and the motor; and

a neutral point detector configured by a magnetic core 1in
a triangular pyramid shape, and connected between a
downstream side of the common mode choke coils
and a neutral point.

2. The power conversion apparatus according to claim 1,
wherein

the neutral point detector includes coils of an U-phase, a
V-phase, and a W-phase, the coils being separately
wound around the magnetic core by an 1dentical number
of times and 1n an 1dentical direction.

3. The power conversion apparatus according to claim 1,

wherein

the neutral point detector includes coils of an U-phase, a
V-phase, and a W-phase, one end of each coil being
connected to the downstream side of each of the com-
mon mode choke coils, the other ends of the respective
coils being connected 1n a star connection to the neutral
point via a capacitor and a resistance that are connected
1n series.
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4. A power conversion apparatus comprising:
a power converter configured to receive an alternating-
current power supply and to supply electric power to
drive a motor; and
an output filter including:
common mode choke coils each connected between an
output of the power converter and the motor; and

a neutral point detector including coils of an U-phase, a
V-phase, and a W-phase, and connected between a
downstream side of the common mode choke coils
and a neutral point, inductances of the coils of the
respective phases being equal,

wherein the neutral point detector 1s configured such that
one end of each of the coils of the U-phase, the V-phase,
and the W-phase 1s connected to the downstream side of
each of the common mode choke coils, and the other
ends of the respective coils are connected 1n a star con-
nection to the neutral point via a capacitor and a resis-
tance that are connected 1n series.

5. The power conversion apparatus according to claim 4,

wherein

the neutral point detector 1s configured such that the coils of
the U-phase, the V-phase, and the W-phase are sepa-
rately wound around a magnetic core by an 1dentical
number of times and 1n an identical direction.

6. The power conversion apparatus according to claim 4,

wherein

the neutral point detector 1s configured by a magnetic core
in a triangular pyramid shape.

7. An output filter comprising;

common mode choke coils each connected between a
motor and an output of a power converter that recerves an
alternating-current power supply and supplies electric

power to drive the motor; and

a neutral point detector including coils of an U-phase, a
V-phase, and a W-phase, and connected between a
downstream side of the common mode choke coils and a
neutral point, inductances of the coils of the respective
phases being equal,

wherein the neutral point detector 1s configured such that
one end of each of the coils of the U-phase, the V-phase,
and the W-phase 1s connected to the downstream side of
each of the common mode choke coils, and the other
ends of the respective coils are connected 1n a star con-
nection to the neutral point via a capacitor and a resis-
tance that are connected 1n series.

8. The output filter according to claim 7, wherein

the neutral point detector 1s configured such that the coils of
the U-phase, the V-phase, and the W-phase are sepa-
rately wound around a magnetic core by an 1dentical
number of times and 1n an identical direction.

9. The output filter according to claim 7, wherein

the neutral point detector 1s configured by a magnetic core
1n a triangular pyramid shape.
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